To obtain the usual value of aluminum, arsenic, cadmium, chromium, copper, iron, lead, manganese, mercury, molybdenum, nickel, selenium, silicon, tin, vanadium and zinc in the normal human body, the amounts of these 16 metals were determined in 89 male and 61 female Korean cadavers, whose ages ranged from 12 to 87 years. Inductively coupled plasma atomic emission spectrometry was used for analysis of heavy metals in 9 autopsied human organs (liver, kidney, cerebrum, heart, spleen, lung, bone, hair and nail). Distribution of arsenic, nickel, selenium, lead and vanadium in the human body were almost uniform. Cadmium, mercury, manganese, molybdenum, tin and zinc were found in large quantities in the metabolic organs, whereas the concentrations of aluminum, chromium and silicon were greatest in the tissues exposed to the exterior.
INTRODUCTION
As the human body is exposed to such environmental media as water, air and soil, the ingestion of heavy metals generally takes place. The ingested heavy metals do not remain in the living body easily. However, if organic or inorganic compound has been formed by the metals, this could influence its movement in the body. The effect of heavy metals on the human body varies according to each metal's characteristics and based on the affinity of special tissues. [1] [2] [3] Therefore, trace metals in human body tissues create interests as to their role in the body, from the point of view of virulence, their relationship with diseases, and the relationship between environmental pollution and the heavy metal. In addition, the estimate of the normal range of heavy metals in human body tissue has an important role as baseline data. Many investigations have been done so far in developed countries to determine these values, and the monitoring has been continued through several decades. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Compared to this, in Korea, the normal range of concentration of heavy metal in Korean tissues has scarcely been investigated. For our country, where industrial development has been rapid, the amount of heavy metal accumulated in the human body from the polluted environment is expected to increase. So, basic data like the normal range of heavy metals in the human body as a basis for recommending changes in living conditions such as the environment and diet need to be determined immediately. Thus, the normal ranges of heavy metal concentration in Korean tissues were investigated in cadavers undergoing forensic medical examinations in National Institute of Scientific Investigation of Korea reported procedure described earlier. 15) Next, using the ICP (Thermo Jarrel Ash Co., Atomscan 25, U.S.A.) for recovery, the concentration of the heavy metals in tissues was measured. The analytical condition of the ICP is shown in Table 2 . Statistical Analysis ---The concentration of heavy metals of each tissue by different sexes was expressed as an average, standard deviation, range of concentration and 95% confidence interval using an SAS program from the concentration measured from each part of the body.
RESULTS AND DISCUSSION

Standard Curve and Measuring the Recovery
As it has been reported in a previous study, 15) the results of a standard curve of about 16 metallic elements in standard solution, Al, As, Cd, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Se, Sn, V and Zn using ICP, were plotted in a straight line in which the values of r were more than 0.999. The recovery of all metals except Si was more than 79%, and the relative standard deviation (RSD) was less than 5% in all heavy metals.
Concentration of Heavy Metals in Tissues
The heavy metal concentration in each tissue by gender, the average concentration of total samples, standard deviation, the range of concentration and the number of samples from the sample of 150 dead bodies (89 males, 61 females) which do not have special disease is shown in Table 3 .
The heavy metal concentration that was gained from each tissue is expressed in µg/g wet weight. Arsenic (As) is distributed quite evenly in each tissue, though it was a little high in the liver. As it was found in a high concentration, especially in bones, hair, and nails, it can be concluded that arsenic is accumulated in these parts. In the case of Cadmium (Cd), 35 ± 18 µg/g was detected in the kidney and 2.8 ± 1.8 µg/g was detected in the liver, but in other tissues, 0.10-1.67 µg/g of the mean value was detected. Compare to the Japanese's average of Cd concentration in the kidney and liver, the concentration in Korean kidney and liver was very low. 5, 6, 16) However it was high in comparison with the Chinese 13) and Europeans. 8) Livingstone et al. 17) and Elinder et al. 18) reported that the Cd concentration in the kidney is related to age and the smoking habit, whereas the concentration of Cd in non-smokers comes from the diet. There was a significant difference at p < 0.01 between the kidney concentration of Cd and age (Pearson's correlation coefficient = 0.419). Chromium (Cr) was detected in large quantity in the lung, spleen and liver compared with other tissues. From 19) that the concentration of Cr in the lung increases according to the age and the period of smoking, we surmise that smoking influences the concentration of heavy metals in tissues. Copper (Cu) was detected at a relatively high level in the order of the liver, cerebrum, heart and kidney. Compared with the other heavy metals, Cu was accumulated at a high concentration especially in the cerebrum. The highest level of iron (Fe) was detected in the spleen, which is the tissue of hematopoiesis, and it was also detected in the order of lung, liver and kidney. The high concentration of Fe detected in these organs was influenced of blood. Mercury (Hg) was detected in a large amount in the kidney and liver compared to the other tissues, but its mean concentration was below 0.28 µg/g, which was lower than the concentration in Japanese. 5, 6, 20) However, 2.8 µg/g of mean value was detected in the bone: thus Hg accumulates in the bones. Manganese (Mn) was detected significantly in the kidney and liver. The concentration of Mn in Korean tissues was similar to Tipton's report, 21) and it was detected in a high level in the hair and nails. Molybdenum (Mo) was detected in a high level in the order of liver, kidney and lung, but the difference in the concentration was not large in the lung, heart, spleen, cerebrum and bone. Nickel (Ni) was detected to a great extent in the lung, with a mean value of 0.12 µg/g, but its level was similar in the other tissues, 0.06-0.12 µg/g, except in the nails, where the mean value was 5.5 µg/ g. Lead (Pb) was detected in the order of the lung, heart, liver, kidney and cerebrum, and 1.5 µg/g was detected in bone. Also 2.5 µg/g and 12 µg/g was detected in the hair and nails, so we determined that it accumulates in bone, nail and hair. Selenium (Se) was distributed evenly in all tissues in the range of 0.50-1.2 µg/g, though 6.9 µg/g was detected in the nails. Silicon (Si) was detected in the amount of 33 µg/g from the lung, which was 3-5 times higher than in other tissues. This is due to the Si which is included in the dust of air and thus accumulated in the lung. The lung concentration of Si increased with age (Pearson's correlation coefficient = 0.459, p < 0.01). Also, Si was highly accumulated in the hair and nails. Tin (Sn) was distributed evenly in every tissue except for bone, in the range of 0.11-0.36 µg/g, which was similar to Hamilton's report. 22) Vanadium (V) was also distributed evenly in every tissue except for bone, and it can be seen that bone was the accumulative tissue because 4.0 µg/g was detected in bone. Zinc (Zn) was highly detected in the liver and kidney, and the concentration of Zn in Korean tissues was lower than in American 21) and English. 22) Aluminum (Al) was detected with a mean value of 26 µg/g in the lung, and 2.6-2.9 µg/g was detected evenly in the liver, kidney, heart and cerebrum which was similar to Yugawa's report.
6) The accumulation of aluminum in the lung is thought to be the result of breath of air dust which contains aluminum.
From the above results, heavy metals such as Cd, Mn, Hg, Mo, Sn and Zn in Korean tissues were detected from the tissues related to metabolism, and the heavy metals Cr, Si and Al were highly detected from tissues exposed to ambient air, such as the lung. Major differences in the distribution of the heavy metals, as with As, Ni, Se, Pb and V, in tissues waere rarely seen.
